Severe lesions of atrophic rhinitis are often associated with toxigenic strains of group D Pasteurella multocida. It has been suggested that colonization of the turbinates by Bordetella bronchiseptica results in weakening of the mucosal barrier which allows the growth of P. multocida (8) . Recently, Chanter et al. (2) have suggested that the toxin of B. bror?chiseptica responsible for dermonecrosis may enhance the growth of toxigenic strains of P. multocida on the nasal turbinate mucosa.
Previously, we demonstrated that a toxigenic strain of P.
multocida can colonize the tonsillar crypts of gnotobiotic pigs (1) . From this and the results of studies demonstrating the poor ability of P. multocida to adhere to epithelial cells, we proposed that toxigenic strains may not need to colonize the turbinate mucosa to cause turbinate atrophy (5, 15) . Instead, bacteria may elaborate toxin into tonsil crypts, where it is taken up by the lymph or blood. The purpose of this study was to determine (i) whether the combination of a sterile sonicate of a toxigenic strain of B. bronchiseptica and live P. multocida results in turbinate atrophy and could thus serve as a model of experimental atrophic rhinitis and (ii) whether the sonicate enhances the growth of P. multocida on the turbinates or tonsils.
MATERIALS AND METHODS
Animals. Three sets of piglets derived by cesarean section from three different sows were kept in gnotobiotic isolators and remained free from outside contaminants throughout the experiment. Pigs were fed a sterile diet of SPF Lac (Pet Ag, Hampshire, Ill.) and monitored daily for inappetence or lethargy. To monitor for contamination, rectal swabs were cultured on aerobic and anaerobic media at weekly intervals and at termination.
Inocula. Sterile, filtered sonicates of toxigenic B. bronchiseptica (strain P-4609) and nontoxigenic B. bronchiseptica (strain P-4607) were prepared as follows. Bacteria grown for * Corresponding author.
18 h on horse blood agar plates were suspended in phosphate-buffered saline. The suspensions were adjusted to a density equivalent to that of a McFarland 10 nephelometer standard and sonicated at 80% power for 30 s at 4°C with a Branson 185 Sonifier (Branson Instruments, Danbury, Conn.). The sonicated material was centrifuged at 12,500 x g, and the supernatant material was filtered through a 0.22-,um-pore-size filter (Millipore Corp., Bedford, Mass.). Protein concentrations of the filtered sonicates were determined by the Bradford method, using bovine serum albumin as a standard. Filtered sonicate of strain P-4609 contained 160 jig of protein per ml of phosphate-buffered saline, while filtered sonicate of strain P-4607 contained 200 ,ug of protein per ml of phosphate-buffered saline. The levels of toxicity, biochemical characterizations, and geographical origins of these strains were determined previously (17, 18 
RESULTS
Control pigs and inoculated pigs that lacked turbinate atrophy appeared clinically normal throughout the experiment. Those pigs with moderate to severe turbinate atrophy, however, had small statures, rough hair coats, mildly distended abdominal walls, and weak squeals. At 5 days postinoculation, pigs that had undergone the toxigenic Bordetella sonicate-P. multocida protocol (pigs 2 to 6) developed at least mild turbinate atrophy (Table 1 ; Fig. 1 ). Histologically, turbinates were characterized by thin, irregular fragments of bone trabeculae surrounded by increased numbers of fibroblasts, large osteoclasts, and occasional necrotic osteoblasts (Fig. 2 ). There were no significant infiltrates of inflammatory cells. One pig (no. 1) that was killed 2 The largest numbers of P. multocida isolated from tonsil tissue were associated with severe turbinate atrophy and were seen in pigs 4, 5, and 14. Relatively smaller numbers of P. multocida were isolated from trachea, turbinate, and lung tissue; bacteria isolated from these tissues varied greatly in number and were sometimes not isolated. Pig 6 had severe turbinate atrophy and relatively low numbers of P. multocida in cultured tonsil tissue; however, this pig had focal pleuritis in the right cranial lung lobe that contained relatively large numbers of P. multocida.
P. multocida was the only bacterium isolated from inoculated pigs. All of the isolated P. multocida, tested by the membrane lift technique with monoclonal antibody to the dermonecrotic toxin, actively produced toxin. 
DISCUSSION
We feel that we have developed a consistent and reproducible experimental model of atrophic rhinitis. This model can be used for studies on the pathogenesis of turbinate atrophy and for vaccine testing. It may be possible to improve this model by using a semipurified or highly purified Bordetella toxin. A purified toxin would remove lipopolysaccharides, polysaccharides, and other bacterial components present in the crude sonicate that may influence the experimental outcome. It also would demonstrate whether the effects seen in this study are indeed caused by toxin or another, yet undefined, virulence factor. The absence of turbinate atrophy in one pig (no. 1) was probably due to the short time span (2 days) postinoculation with P. multocida.
Others have been able to reproduce turbinate atrophy by (i) dual infections with B. bronchiseptica and P. multocida, (ii) infection with P. multocida following intranasal acetic acid treatment, (iii) intradermal or subcutaneous injections with the purified P. multocida toxin, (iv) intranasal aerosol with the purified toxin, and (v) intranasal inoculation of pigs with high numbers of B. bronchiseptica and P. multocida (2, 3, 7, 8, 14, 20) . In this model, we were able to use small numbers (<105) of P. multocida in our inoculum in combination with the sonicate primer to induce turbinate atrophy, whereas other studies generally used larger numbers (>106). The TPR is currently considered the best morphometric procedure in determining the degree of turbinate atrophy (6 (7, 10, 14) . Thus, the Bordetella toxin may inhibit bone synthesis and the Pasteurella toxin may induce bone and cartilage resorption. The Bordetella sonicate used in this study may have influenced the elaboration of the Pasteurella toxin, but this is unlikely since the sonicate was instilled 2 days prior to inoculation with P. multocida.
The fact that dramatically smaller numbers of bacteria were isolated from the turbinates may downplay the traditional hypothesis that toxin elaboration must occur on the turbinate mucosa. Instead, turbinate atrophy was associated with large numbers of P. multocida in the tonsils in some pigs, which may suggest that tonsil colonization may be important in the development of atrophic rhinitis. We have previously shown that the tonsils are an important site for colonization by a toxigenic strain of P. multocida (1) . On the other hand, the few toxigenic P. multocida organisms present on the turbinate mucosa may be all that are needed to induce turbinate atrophy. The purified toxin is very potent (4), and a subcutaneous injection of just 0.2 p.g/kg of body weight can result in turbinate atrophy in young gnotobiotic pigs (personal observation). Field studies that quantify the number of toxigenic P. multocida organisms per gram of turbinate and tonsil tissue from (i) healthy pigs in rhinitisfree herds and (ii) pigs with atrophic rhinitis are needed to better characterize the role of tonsil colonization in the pathogenesis of the disease.
Since the sonicate of the nontoxigenic strain of B. bronchiseptica was not associated with turbinate atrophy or with large numbers of P. multocida in the tonsils, these nontoxigenic strains may have only a small role in the development of atrophic rhinitis or in the colonization and replication of P. multocida. Other studies have also shown that nontoxigenic strains of live B. bronchiseptica are not associated with turbinate atrophy (2) .
The severe turbinate atrophy in pig 14, which was given only P. multocida and no primer, cannot be explained. In any event, the localization of bacteria in this pig was similar to the localization in those pigs given toxigenic sonicate; i.e., large numbers were isolated from the tonsils and lesser numbers were isolated from the turbinates. The pleuritis that developed in pig 6 is similar to the pleuritis reported by diagnosticians (16) . One Japanese study showed that group D strains of P. multocida are most often associated with lung abscesses in pigs, whereas group A strains are associated with pneumonia (11).
Our model can be used to test various vaccines under experimental conditions. In contrast to other models using live B. bronchiseptica or intranasal acetic acid in combination with P. multocida, our model incorporates virulence factors (i.e., toxin) from B. bronchiseptica without actual growth and colonization by the organism. A toxoid vaccine developed in our laboratory by using the purified P. multocida toxin protects rats from challenge (19) and can be tested by using the Bordetella sonicate-live P. multocida protocol. A similar toxoid, in combination with B. bronchiseptica bacterin, protects conventionally reared pigs from atrophic rhinitis (9, 12) .
